Over the past decade, hernia surgery has undergone a considerable transformation with the use of prosthetic materials. The most used polypropylene meshes induce a rapid acute inflammatory response followed by chronic foreign body reaction. Many factors influence this response such as density, size, physical characteristics, different texture and porosity of each biomaterial. The aim of this study is to assess whether the implant of monofilament or multifilament meshes, in the inguinal hernioplasty, determine a different inflammatory response. Thirty-two male patients were included in the study and were randomly divided into two groups. In the first group (MO) inguinal hernioplasty was performed using monofilament polypropylene mesh, while in the second one (MU) multifilament prosthesis was used. Peripheral venous blood samples were collected 24 hours before surgery and then 6, 24, 48 and 168 hours posto-peratively. Modifications in leukocyte count, C-reactive protein (CRP), alpha-1 antitrypsin (a1-AT), interleukin (IL)-1, IL-6, IL-1 ra and IL-10 serum levels were recorded at all sampling times. We present evidence that serum levels of CRP, (a1-AT), leukocytes and cytokines were significantly increased post-operatively in both groups, returning to basal values 168 hours afterwards. In particular, the production of all pro-inflammatory mediators was higher in the MU group, whereas the antiinflammatory cytokine (IL-10, IL-1ra) production was higher in MO patients. Our results indicate that polypropylene multifilament mesh allows a higher intense acute inflammatory response as compared to monofilament mesh implantation.
The treatment of groin hernias is of major socioeconomic importance, since 25% of all male and 2% of all female individuals develop an inguinal hernia during their lifetime (l). Hernia surgery, like many other operations, has undergone considerable transformation over the past decade with the introduction of the use of prostheses. One of the must commonly used biomaterials in hernia repair is polypropylene (2) . Polypropylene (PP) prostheses induce a rapid and useful acute inflammatory response followed by a chronic foreign body reaction (2) (3) . More specifically, PP prostheses are incorporated into the implant area determining strong scar tissue (4) (5) . Very few studies deal with the changes in the inflammatory markers and growth factor production following PP mesh implantation (6) (7) (8) (9) . These studies report that serum levels of interleukin (IL)-6, Creactive protein (CRP) (6) (7) (8) (9) and other markers of acute inflammatory response (8) (9) increase after the implant of small monofilament PP mesh normally used for inguinal hernia repair. Different factors can influence the acute inflammatory response to prosthesis implantation. Patients themselves have been identified as an independent factor in the inflammatory response of monocytes to biomaterials and have been classified as low and high responders (2) . Other factors that influence the inflammatory reaction are density (10) , size (11) and the physical characteristics of the prosthesis such as texture and porosity of each biomaterial (12) (13) (14) . Commercially, mesh constituted only by PP can present different types of density, pore size and texture (15) . The results regarding the inflammatory reaction of monofilament and multifilament mesh are conflicting (16) (17) (18) . Beets et al, in a prospective experimental study on pigs, observed a more significantly foreign body reaction after implantation of multifilament (16) . Bogusiewicz et al, in samples of the mesh implanted in the rectus fascie of wistar female rats, on histological examination observed less densely packed bundles ofcollagen fibres and a slightly more intense inflammatory reaction with monofilament (17) . Papadimitriou and Petros, in samples removed at operation from the perivaginal area of a 58 year old patient, detected smaller compacted bundles less in the vicinity of the monofilamentous mesh rather than around the multifilamentous mesh, and in addition, a greater number of inflammatory cells and larger multinucleate giant cells were seen apposed to the monofilamentous mesh (18) .
Thus, we performed this study with the aim of measuring the acute inflammatory response at the implant of PP monofilament or multifilament mesh in patients undergoing inguinal hernioplasty, by analyzing the leukocyte modifications and some acute phase proteins, like CRP and alpha-1 antitrypsin (aI-AT) and also the modifications of both pro-inflammatory cytokines (IL-1, IL-6) and anti-inflammatory cytokines (IL-1 ra, IL-10).
MATERIALS AND METHODS

Patients
Thirty-two male patients (age range 26-62 years) with unilateral inguinal hernia, without complications or recurrence, were included in this study. We excluded patients with metabolic, endocrine, hepatic or renal disease. None assumed drugs that could influence the inflammatory response 6 weeks before the study, or received any transfusion. All patients gave written informed consent and the local ethics committee approved the study. Pre-operatively, the patients received antibiotic prophylaxis (1 gr. cefuroxime intramuscularly) and none developed post-operative infectious complications, nor seromas, nor haematomas. All patients left hospital 2 days after surgery rather than returning home the same day, as we wanted to carry out the blood drawings correctly. In fact, peripheral venous bloods samples were collected 24 hours prior to surgery and then at the 6 t h, 24 t h, 48 th and 168 th post-operative hours.
Operative procedures
The patients were randomly divided into two groups, each consisting of sixteen subjects, by means of a computer generate list. All patients underwent surgery under local anaesthesia according the most commonly used technique (19) using a mixture of 40 ml 1% mepivacaine and 20 ml 0.5% bupivacaine plus 2 ml sodium bicarbonate. All surgical procedures were performed by the same experienced senior surgeon (GD). The hernias were classified as type II and III A according to the Nyhus classification (20) . Age, anaesthesiologic grading, duration of operation and body mass index are given in Table I . All surgery was performed through an oblique inguinal incision. The hernia sac, isolated from related structures, was never resected. All patients underwent hernia repair with the Lichtenstein technique using polypropylene mesh. In the first group (MO) a monofilament polypropylene mesh (Prolene Mesh, Ethicon, USA) was used, in the second group (MU) a multifilament polypropylene mesh (Surgipro Multifilament Polypropylene Mesh, Autosuture, USA) was implanted. All meshes used were 5 X 10 em in size. The prosthesis was secured in position by polypropylene staples, and the oblique muscle fascia sutured by Dexon (Davis-Geck, Wayne, USA). We did not use drainage in any patients as it was not necessary. Body temperature was monitored by means of axillary temperature measurement 6 hours after surgery and on post-operative days 1, 2 and 7. Post-operative pain was assessed by the patient on mobilisation by means of a visual analogue scale (VAS) ranging from 0 (no pain) to 10 (worst pain imaginable) at the 6 t h, 24 t h, 48 th and 168 th hours, and patients discharged earlier were requested to record pain at home. Analgesics were administered on demand (tramadol hydrochloride, orally). Analgesic consumption was measured on postoperative days 1,2,4 and 7. Clinical post-operative data were analysed by a physician (RP) who was blinded to the allocation of patients in the two groups.
Cell counts
Counts were performed by using ADVIA 120 (Bayer Diagnostics, Munch, Germany)which performedabsolute numbers and percentagesof leukocyte count.
Serum Samples and Assay
Serum samples were collected from blood within 30 min of venipuncture by clotting and centrifugation at 400 g for 10 min at rt. Samples were aliquoted and frozen at -70°C until assayed. Enzyme-linked immunosorbent assay (ELISA) commercial kits were used to determine the production of IL-6, IL-1, IL-1 ra, IL-IO, (EuroClone Ltd, UK). The main test was a sandwichenzymeimmuneassay that utilises a monoclonal antibody (MoAb) immobilized on a solid phase to capture antigen from the test specimen, and peroxidase-coniugated MoAb added to bind the antigens captured by the first antibody. High-sensitivity CRP and a I-AT levelswere determinedby nephelometric analysis. Commercially available kits were purchased from Behring, Vienna, Austria.
Statistical analysis
A sample size calculation estimated that 16 patients would be required in each arm to show one standard deviation difference of the parameters examined between the two groups with a power of 0.8 and alpha level of 0.05. Standard deviation (SD) was calculated and statistical significance was analysed by Student's t-test, Anova was used to compare values of MO and MU groups at all times. Mann Whitney test was used to compare the duration of the operation between the two groups. P<0.05 was considered statistically significant.
RESULTS
Patient characteristics
Age, anaesthesiologic grading, hernia type, duration of operation and body mass index were not significantly different between the two groups ( Table  I ). All patients showed an uncomplicated intra-and post-operative course.
Post-operative pain, analgesic consumption and body temperature
Comparing the MO group with the MU group, no significant differences were found regarding postoperative pain score and analgesic consumption. Body temperature changes were similar in both groups, peaking at 24 hours and returning to almost the same preoperative levels at 48 hours (data not shown).
Leukocytes
Analysis of leukocyte counts in MU and MO groups are shown in Table II 
CRP and aI-AT
The study of serum CRP levels indicated that they were significantly increased in both groups compared with their baseline levels (Fig. 1a) . The levels peaked at the 24 th and 48 th hours postoperatively, declining to the baseline levels seven days afterwards (in the MU group the P values by Student't test were <0.02 and <0.001 respectively, whereas in the MO group they were <0.05 and <0.01 respectively). A comparison between the two groups showed that CRP values were significantly increased in the MU group in respect to the MO group (P=O.0003 by ANOYA).
The aI-AT levels were significantly increased in respect to the baseline values in the MO group at 6, 24 and 48 hours after surgery (P<0.05 by , Student't test). Also in the MU group aI-AT levels were higher at the 6 t h, 24 th and 48 th hours with a significance of P<0.02, <0.01, <0.01 respectively (by Student't test). In both the groups, the levels returned to the preoperative values seven days later (Fig. 1b) . Comparing the two groups no significant differences were detected by ANOYA.
Cytokines (IL-I, IL-6, IL-I ra, IL-lO)
IL-I serum levels did not show any modification in the MO group, whereas in the MU group a significant increase in IL-1 was recorded at the 6 th ,
24
th and 48 th hours after surgery (P<O.OOl, <0.01, <0.05 respectively by Student's t test) (Fig. 2a) . The IL-6 levels were significantly increased compared to the baseline values in the MO group at the 6 24 th , and 48 th hour after surgery (P< 0.01,<::0.02, <0.05 respectively by Student's t test). Also, in the MU group the levels of IL-6 were significantly increased at the same times (P< 0.001, <0.002, <0.02 respectively by Student's t test). After 168 hours, both IL-l and IL-6 levels declined to preoperative values in both groups (Fig. 2a, b) . A comparison of the two groups showed that both IL-l and IL-6 values were significantly increased in the MU group in respect to the MO one (P<0.005l and P=O.OOOI respectively by ANOVA).
IL-lO serum levels resulted increased in both groups as compared to baseline values only after 6 hour from surgery (P<O.Ol by Student's t test) (Fig. 2c) . IL-lra serum levels were significantly higher in the MO group at the 6 th and 24 th hour post-operatively (P< 0.01, <0.05 respectively by Student's t test), whereas in the MU group the increase was observed only at the 6 th hour (P<0.05 by Student't test) (Fig. Zd) .: A comparison between the two groups showed that both IL-lO and IL-l ra values were significantly increased in the MO group in respect to the MU group (P<O.OOOI and P<O.OOOI respectively by ANOVA).
DISCUSSION
Today, PP is one of the most commonly applied (21), paresthesias and restricted mobility (22) (23) .
After mesh implantation foreign body reaction is observed and regulated mainly by monocytes and macrophages at the implant tissue interface. These cells are known to produce a variety of cytokines, and of these IL-6 plays a key role in the acute phase of the inflammatory response, regulating local and systemic responses, wound healing and scar formation (24) . Some studies indicate that a more intense acute inflammatory response determines a formation of strong scar tissue. Marois et al observed that a more intense inflammatory reaction early after implantation stimulates significantly greater tissue ingrowth and integration (25) . Junge et al observed in experimental study on animal model after implantation of mesh, that the lesser degree of reaction was followed by less connective tissue formation and a higher partial volume of fat tissue (23) . After analysis of a possible causal factor, it was found that the extent of the foreign body reaction with its provoked scar tissue depends on the amount and structure of incorporated material (23) .
The meshes used in this study, are the Prolene" mesh that consists of monofile PP fibres used as doubled filament and Surgipro" multifilament polypropilene mesh, the texture being pure filet weave. It has been reported that tissue incorporation of the synthetic prosthesis depends on its pore size (26) . It is known that porous grafts allow transinterstizial ingrowth of mesenchymal cells, whereas prostheses with less porosity do not show this phenomenon (27) . Amid et al emphasized that the optimal incorporation requires a pore size of biomaterials superior to 75 to 100 urn (21) . They also state that the mesh with pore size superior to 100 urn, have an optimal and similar tissutal incorporation. The PP prosthesis used in the two groups have a pore size superior to 100 urn, the same size and similar density. The investigation of the diameter of granuloma formation showed that the foreign-body reaction is not only influenced by pore size but also by the size ofthe surface area. The surface area depends not only on the thread but also on the amount of filaments used. The surface area increases by at least 50% when multifilament threads are used (28) (29) .
As expected, blood levels of CRP, aI-AT, leukocytes and cytokines were significantly increased post-operatively in both groups, returning to basal values 168 hours afterwards. However, the mediators of acute inflammatory response (leukocytes, CRP, a I-AT) were higher in the patients who underwent implantation of PP multifilament prosthesis than in those with implanted monofilament prosthesis, although likely due to the relatively small number of patients studied, significance was attained only for CRP. Regarding the levels ofthe cytokines studied, IL-6 and IL-I productions were higher in the MU group than in the MO one, whereas the MO group showed higher levels of anti-inflammatory cytokines Il.l-ra and IL-lO. In the MU group, the elevated levels of pro-inflammatory cytokines promoted both a systemic and local inflammatory response, directly or indirectly causing fibro-proliferative lesions and maintaining inflammatory reaction and tissue scarring (30) . On the contrary, the higher IL-I ra and IL-lO production in the MO patients indicates that, in these subjects, the inflammatory response is attenuated by the inhibitory activity of these anti-inflammatory cytokines (31) (32) (33) .
For decades, long-term analysis of the results of hernia repair concentrated on recurrence rates (10) . Over the last decade , however, great attention has been focused on the aspects of chronic pain and quality of life after hernia repair (34) (35) . The profound inflammatory reaction induced by the implantation ofa prosthesis determines the formation of strong scar tissue but also induces a feeling of stiffnes s or foreign body with reduced elasticity of the abdominal wall (13, 2 1). In 1996 Klinge et al emphasized that mechanical data of the artificial abdominal wall after mesh implantation should be adopted to physiologic values (13) . In human beings , the intra abdominal pressure ranges from 0.2 KPa (resting) to 20 KPa (maximum). As a consequence of the law of Laplace, the maximum force for the tensile strength required to guarantee a sufficient fascia closure at 20 KPa is lower than 16 Ncm' (13) . Tensiometry study indicated that the tensile strength of the PP monofilament (Prolene") mesh is 5 times higher than that needed to guarantee a stable closure of the abdominal wall (36) . Therefore the use of monofilament PP mesh probably represents a more mechanical overkill than the forces occuring in the abdominal wall. Also, there is still concern about the use ofmultifilaments with regard to possible infection through the interstices of the braided structure. Klinge et al. showed that the increased surface area of a multifilament mesh promotes the persistence of bacteria in the implant bed (29) . This might explain the development of mesh-related infections after a delay of several months or even years, favouring the use of monofilament materials (37) .
In conclusion, our results indicate that the PP multifilament mesh allows a higher intense acute inflammatory response as compared to monofilament mesh implantation.
